This work was supported by national funds through Fundação para a Ciência e a Tecnologia (FCT) with reference UID/CEC/50021/2013, and through Instituto Politécnico Lisboa (IPL) with reference MBOCDTI/710046/2016. email: hic@deea.isel.ipl.pt
I. INTRODUCTION
Nowadays there are several topologies based on the Marx concept using power semiconductors devices as switches that can generate unipolar and bipolar high voltage pulses. In some industrial applications, such as water decontamination or liquid food processing, the use of bipolar pulses instead of unipolar pulses, has demonstrated an enhanced final product or industrial process [1, 2] . Generally, high voltage bipolar modulators require additional switches, which may allow fault tolerance capability but requires a complex triggering circuit [3] [4] [5] [6] [7] . Alternatively, optimized bipolar topologies [8-10] using reduced number of semiconductors per cell may create an additional stress in some stage semiconductors due to their use in more than one operating mode, which increases their losses. Thus, beyond the semiconductors characteristics, the design of the Marx modulator must consider the pulse energy and the required pulse voltage decay to determine the capacitance of the capacitors. Considering this last point, in various conditions, the determined capacitance values may be too high for affordable designs of compact Marx modulators. For this reason, voltage droop compensation techniques must be considered [11] [12] [13] . 
II. CIRCUIT OPERATION
The first operating mode of Fig The second operating mode consists in connecting the capacitors in series to apply the sum of their voltage into the load. However, the generation of high voltage pulse with resonant type compensation requires the beginning of the resonance process before applying the pulse into the load. The resonance process under the auxiliary stage can be started by turning ON switches Tfr and Tar (Fig. 2 a) and b)), as represented in Fig. 2 j) .
For positive pulse generation with droop compensation, switches Tfi and Tai (Fig. 2 e) and f)) should be turned ON when the waveform of the voltage of the resonance capacitor Cr crosses the reference coming from negative values, as shown in Fig. 2 j) .
After the positive pulse, all switches (Tfi, Tai, Tfr and Tar) can be turned OFF.
Considering the negative pulse operating mode with compensation, the process is similar to the positive pulse. Thus, the resonance process under the auxiliary stage is started by triggering ON switches Tfr and Tar. The negative pulse with compensation can be generated (by triggering ON switches Tbi and Tei - Fig. 2 g ) and h)) when the waveform of the voltage of the resonant capacitor, vCr, crosses the reference coming from positive values, as shown in Fig. 2 j) . Within this situation, switches Tfr and Tar of the auxiliary stage are turned OFF after the waveform of the current in the inductor Lr, iCr, has inverted its polarity, to allow the transfer of the remaining energy from the inductor Lr back to the capacitor Cr.
III. SIMULATION RESULTS
In Fig. 4 The positive and negative pulses occur during zero crossing of the capacitor Cr resonant voltage.
In Fig. 5 a) and b) it is shown the simulation results of the output negative and positive pulse voltage with voltage droop compensation with zoomed horizontal scale.
IV. SUMMARY
A new design scheme for the voltage droop compensation based on resonant circuit was proposed for the optimized solid-state bipolar Marx modulator of Fig.  1 . With the goal of maintaining the modularity and the topology of the circuit, an auxiliary compensation stage with inductor was added to the existing Marx stages, which compensates the voltage droop of the output bipolar pulses.
The simulations results showed 4 stages Marx circuit and one auxiliary compensation stage, using 800V per stage, operating with 50Hz repetition rate, giving 3.2 kV bipolar pulses with the capability to compensate 10% voltage droop at the end of the negative and positive pulses.
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